Background: Clinical success with mandibular implant overdentures is highly dependent on a
| INTRODUCTION
Complete edentulism has high impact on peoples' lives, and treating this condition with complete dentures may result in expressive functional and aesthetic rehabilitation. Advanced alveolar bone resorption, however, frequently impairs the stability of the denture, particularly in the mandible, preventing the complete success of the treatment. 1, 2 Associating dental implants to this therapeutic approach can improve the treatment success rate significantly by increasing denture stability, [3] [4] [5] [6] [7] a result that can only be achieved through a mechanism that reliably connects prosthesis and implants:
the attachment system. Attachments are, therefore, at the heart of this treatment approach and may draw the line between success and failure.
Ideally, the attachment system should allow an easy installation and removal of the prosthesis while firmly holding it in place during function, for the longest time possible. Attachment systems are manufactured in a large array of materials and shapes, and are generally classified as bar or stud types. 8 The former is composed of a metal bar connecting two or more implants, and metal or plastic retainers commonly called "clips" that clasp the bar. Stud attachments are components installed on individual implants and include clipping-action devices of varied shapes, such as ball and cylinder, and magnets.
Ball-shaped stud attachments are probably the most popular, and while exhibiting retentive capabilities that may please most patients, they present a hinge resiliency that has a negative effect on perceived chewing ability with complete overdentures. 9 This type of connection also looses retentiveness due to wear, which may vary according to patrices and matrices' material and design. [10] [11] [12] Another option for retaining an overdenture is the cylindrical abutment, which has a socalled self-aligning property and nylon retentive components with different levels of retention. 13, 14 An additional advantage of this attachment is its reduced height, which allows the rehabilitation of small prosthetic spaces. 15 While its cylindrical shape supposedly translates into a resistance factor for implant overdenture rotation 16, 17 and its maintenance might be simpler and less expensive because of the easily replaceable nylon components, little is known about the overall clinical performance of this system over time and under both clinicians and patients perspectives.
Likely, the most relevant factor for clinicians and patients when choosing an attachment type or model is the level of retention for adequate denture stability and, consequently, successful functioning.
Therefore, the aim of this study was to compare the levels of retention provided by cylindrical and ball attachments, and assess potential relationships between patients' satisfaction with the performance of their mandibular implant overdentures retained/supported by these attachments and their respective levels of retention over time. We tested the null hypotheses that there would be no difference in patient satisfaction with the two types of attachments and among their different levels of retention. Patient preference for a specific type of attachment was also assessed.
| MATERIALS AND METHODS
The study protocol was approved by the McGill University Health
Centre Research Ethics Office (protocol no. BMD#07-010). Patients (n = 24) were recruited from a population of 110 edentulous males and females aged 35 years and over that participated in previous randomized clinical trials, and had been wearing maxillary conventional complete dentures and mandibular two-implant overdentures retained by ball attachments for 1 to 8 years.
Detailed written information on the nature of the study was provided to all participants prior to obtaining formal consent. All patients completed a medical history form about their oral conditions, general health, and use of medication. 18 Patients were accepted in the study if they: (1) were wearing a technically acceptable maxillary conventional denture and mandibular two-implant overdenture, as accessed by two prosthodontists; (2) had adequate understanding of written and spoken English or French; (3) had the ability to clean their prostheses; and (4) were able to understand and respond to a test questionnaire. Exclusion criterion was the presence of physical or psychological condition that could impair oral hygiene.
| Study design
This was a randomized crossover clinical trial conducted at the satellite dental clinic of the Montreal General Hospital, Montreal, QC. Patients were clearly informed that there was no scientific evidence of superiority of one attachment type over the other. A computer-generated randomization process was used to allocate the enrolled patients into two groups of equal sizes. A research assistant not involved in other parts of the trial prepared a coded list according to this process, which was disclosed to the clinicians responsible for the treatment and data collection just before patients' attendance.
Although blinding of the treatment to clinicians and patients was not possible, the researchers involved in data compilation and analyses were blinded to the interventions by using encoded data forms. Prior to the installation of new attachments (preintervention phase), data were collected from all participants for comparisons between old and new ball attachments. Further details on the condition of the worn attachments have been previously published by our group. [19] [20] [21] In the first phase of the crossover trial, patients allocated to group 1 received new ball attachments (RA-same model as the old one) and patients from group 2 received a cylindrical attachment system (LALocator, Zest Anchors Inc., Escondido, CA) to retain their mandibular prostheses. The attachments were installed using a direct technique by two calibrated prosthodontists. 22 The denture base and occlusion were checked and adjusted as necessary. Data were collected after 1 week, and 3, 6, and 12 months with the prostheses and attachments in function. In the second phase of the crossover trial (12 months after the first phase), the attachments were replaced: group 1 received the LA and group 2 received the RA. Data were collected at the same time-points. At the end of the experiment, participants were asked which attachment they preferred.
| Evaluation of the attachment retention
Attachment retention was defined as the minimum tensile force 
| Evaluation of patient perception
Patient satisfaction, comfort, and perceived ability to chew a variety of common foods of variable textures and nutrient content (raw carrot, raw apple, hard cheese, bacon, nuts, bread, and lettuce) were assessed on a 100 mm VAS questionnaire regarding the current implant overdentures/attachments. The questionnaire has been used previously in both experimental and clinical research, [24] [25] [26] and by us in previous trials. 27, 28 In addition, a categorical scale was used to assess patients' sense of retention/stability (from to 0 to 10, being 0 "not tight at all" and 10 "extremely tight") of their mandibular and maxillary dentures. The participants were also asked whether they perceived their prosthesis as being, "too loose," "too tight," or "of good tightness."
| Observations from patients and clinicians
Personal observations from patients and clinicians related to the treatments were recorded in specific form fields.
| Sample size calculation
The minimum sample size (n = 14) was calculated using standard statistical criteria (α = 0.05, β = 0.20) for a mean difference of 10 mm in patient satisfaction on a 100 mm VAS and a variance (SD 2 ) based on a previously determined SD of 7.4 mm for this type of study. 29 Ten patients were added to increase power, compensate for dropouts over the 2-year period of the study, 24, 30 and to allow the investigation of other outcomes. Satisfaction (nonparametric distribution) comparison between the two treatments was tested using nonparametric statistics proposed by Brunner et al., using mixed model (proc mixed routine and command "ANOVAF") in SAS (version 9.2) with estimation method "MIVQUE0"
| Statistical analyses
and unstructured covariance matrix per group. In this analysis, individual was considered as a random effect, and time, treatment, and order were treated as fixed effect. Interaction between time and treatment was also tested. Between-period differences of VAS and Likert scores were tested with Benjamini-Hochberg false discovery rate (FDR) adjustment for multiple comparisons. 31 Spearman analysis was carried out to explore potential correlations between patients' sense of stability/"tightness" associated with mandibular implant overdentures and maxillary conventional dentures.
| RESULTS
Sociodemographic data on the 24 patients enrolled in the study that fulfilled the inclusion/exclusion criteria are shown in Table 1 .
All participants received the treatments according to the initial random assignment and timeline, and the statistical analyses were carried out as planned (n = 24; Figure 1 ). One patient was lost to followup in the last study appointment. In general, there was no significant effect of the treatment sequence. The patient lost to follow-up was included in all analysis throughout the study except in multivariate procedures, which involved a listwise deletion approach. No imputation was attempted as it was only one case.
| Preintervention Assessment
In this phase of the study, the mean retention of the old attachments Table 2 ). Concurrently, they rated the maxillary conventional denture tightness as 8.0 (IQR 8.0-9.5; min 2.0 and max 10.0), and no correlation between mandibular and maxillary dentures retention/stability was found (r = −0.016). Six patients complained of lack of upper denture stability throughout the study.
| Crossover Phase

| Patient perceptions
Although the overall VAS ratings were higher for the RA attachments compared to LAs, the differences were small and not significant (Tables 2 and 3 An exploratory analysis on the relationship between attachment retention and patient satisfaction with the mandibular implant overdenture was also carried out. In general, patient satisfaction was lower when retention was in either the low or high boundaries, although this association varied greatly between patients throughout the study.
Four patients wearing RAs and 16 with LAs had the attachment retention at 10-N levels or lower and rated their general satisfaction as 66 mm, in average, which was less than the overall median (93 mm).
These findings contrasted with ratings on denture aesthetics, which was not influenced by changes in the attachment retention.
Before replacement of the old attachments, all but one patient considered their mandibular overdentures "too loose" (Table 2) . Oneweek after the installation of new attachments, 21 patients that receive RAs perceived their overdentures as having "good tightness"
while three found them "too tight." Regarding the new LA attachments, 21 patients judged that they had "good tightness" after 1 week, and three found them "too loose" (Table 3 ). After wearing their overdentures with the test attachment systems for 12 months, 18 patients still considered their implant overdenture with either the RA or LA as having "good tightness," while six and five found RAs and
LAs "too loose," respectively.
| Attachment retention
Mean retention values of the new attachment systems at 1 week were 34.5 N (SD 4.9) and 38.7 N (SD 9.3) for RA and LA, respectively (P = 0.05; Figure 2 ). Data on the subsequent time-points are shown in Tables 2 and 3 , and Figure 2 . Overall mean retention values were higher for RA than LA attachments (RA: 27.8 N, SE = 0.88; LA:
22.8 N, SE = 0.88; P = 0.0005) with difference of 5.0 (95% CI 2.5-7.6), declining significantly over time, more steeply for the LA system (P < 0.05).
| Patients and clinicians observations
Throughout the study, 15 patients reported problems with their implant overdentures: seven found them "too loose," and four found them "too hard to remove." Ten patients complained of food retention under the lower denture or into the attachment components, seven of sore spots in the mandibular gingiva, and six of low stability of the maxillary conventional denture. Most of these complaints had higher frequency in the 1-week and 3-month evaluation sessions. Complaints on lack of retention of the lower denture were more recurrent in the 12-month sessions. In addition, six episodes of food impaction into the Locator female abutment were reported by the clinicians.
At the end of the study, information was provided to patients on the need for maintenance and cost of components of the two attachment systems evaluated. All participants chose to remain with the attachment system that they had received last: 12 participants chose the RA attachment and 11 chose the LA. 90.5%
| DISCUSSION
75.0%
Different letters indicate between-period statistical differences (GLMM with adjusted Tukey test, and nonparametric mixed methods; P < 0.05). Differences between data from the preintervention phase and 12-month crossover period are indicated by:
* P < 0.01 and † P < 0.05. 68.2%
78.3%
Different letters indicate between-period statistical differences (GLMM with adjusted Tukey test, and nonparametric mixed methods; P < 0.05). Differences between data from the preintervention phase and 12-month crossover period are indicated by: * P < 0.01 and † P < 0.05.
difficulties with the installation process, patients' individual characteristics, and interimplant angulation.
It is plausible to hypothesize that the direct technique of attachment installation adopted in this study was partially responsible for the observed wear of the retentive parts. If excessive pressure was applied on the denture against the mucosa by either the clinician or patient during polymerization of the self-curing acrylic used to hold the matrices in place, the attachment and mucosa remained under constant excessive stress. Conversely, if the pressure were less than ideal during acrylic polymerization, masticatory forces would be directed mostly toward the attachment components during function, increasing wear. In an attempt to minimize these effects, the clinicians who installed the attachments were calibrated. On the other hand, the impression procedure involved in indirect techniques of attachment installation would also be subjected to similar variations. Besides, in the clinical scenario, attachments are occasionally under increased stress, such as in cases of patients with intrinsically high masticatory forces or when implants are excessively angulated, and so the presence of these variations in the study seems to be realistic. 14, 34, 47 The measured mechanical retention of the attachments was remarkably low in the preintervention phase due to excessive attachment wear; the low VAS ratings given to Satisfaction with the mandibular denture retention (23.5 mm) and Lower denture comes out easily with tongue (13.0 mm) indicated the patients perception of the problem.
Although for most Denture coming out while speaking was a rare event, low retention also affected their General satisfaction with the implant overdenture to a significant extent, which is in contrast with previous findings. 48 However, patients rated their ability to chew food surprisingly high (85.0 mm). These findings suggest that there are other factors other than attachment retention playing a role in the success of the treatment with implant overdentures, and lack of retention does not prevent patients to eat satisfactorily. Paradoxically, however, dissatisfaction with low attachment retention and poor denture stability were reported by some patients and related to issues during social activities, such as denture dislodging while eating at a restaurant or talking. 49 The lack of retention seems to be as unwanted as the excess of it. Complaints on extremely high levels of retention were associated not only with difficulties to insert and remove the denture but also with food getting entrapped under the lower denture in social occasions as reported by almost half of the participants, and thus deserve attention. Some patients wearing the RA attachment rated their dentures as "too tight" after 1 week. These participants reported feeling embarrassed or avoiding having meals with others because they needed to use a spoon handle to lift their dentures and free the entrapped food from underneath it. Food entrapment seemed related to the pivoting movement of the denture around the abutments, as often reported by patients. As 5 of 10 patients who complained of this problem had the LA attachment, the assumption of a lower hinging effect with the cylindrical shape, mentioned in another study, was not supported by our observations. 16 The rotational movement of the mandibular prostheses was considered highly relevant in this study due to its impact on patients' satisfaction with the treatment. However, this phenomenon has been little evaluated and reported in the literature. 9 Several investigations have described the mechanical stress of removable prostheses on implants and suggested that allowing the prosthesis to slightly move by means of resilient attachments can reduce this stress. 17,50-52 However, prostheses with greater freedom for rotational movement can increase the chance of food entering underneath the prosthetic base during functional movements, making chewing difficult and increasing discomfort with the treatment. 9 Thus, a balance between the degree of resilience and prosthesis stability is necessary for adequate functional performance of the attachment systems and minimal maintenance.
The potential destabilization of the maxillary conventional denture by extreme levels of mandibular overdenture retention was another hypothesis raised during the trial and rejected as patients scored high their satisfaction with the upper denture stability/tightness in all phases. Besides, the negative impact of too much or too little attachment retention on patient satisfaction becomes clearer when the scores are ranked and categorized according to different levels of retention. Nevertheless, the large data variability related to each retention level suggests that this association is also dependent on other individual characteristics. Based on these outcomes, we envisioned an ideal attachment system as one that would allow the effortless insertion and removal of the denture while keeping it firmly in place during functioning, with minimal maintenance.
Lack of significant changes in VAS general satisfaction and ratings of retention during the crossover evaluation was interpreted as a result of a follow up period too short to assess sharper contrasts.
These observations are consistent with other long-term clinical trials involving mandibular overdentures, where lower satisfaction with the treatment was associated with less retentive attachment systems and decreased with time. 53, 54 Still, the differences found on mechanical retention, easiness to dislodge the denture with tongue between RA and LA, and between preintervention and crossover data are suggestive of longer clinical service for RA attachments compared to the LA. Easiness to dislodge the denture with tongue increased FIGURE 2 Adjusted least square means with 95% confidence intervals (whiskers) of the attachment systems retentions (LALocator, blue line; RA-Retentive Anchor, red line) at baseline (attachment installation) and follow up sessions (1-week, 3-month, 6-month, and 12-month). * P < .05 for between-group differences (Tukey-Kramer method for multiple comparisons) significantly after 3 months for the LA and 12 months for RAs, and was considered predictive of attachments with critically low levels of retention.
In contrast with a previous study, changes observed in attachment retention during the crossover phases did not show a significant association with patient satisfaction. 54 Apparently, not only the attachment retention level but also the rate of retention change has variable impact on patient satisfaction. However, patients with attachment retention of 10 N and lower rated their general satisfaction 29% below the overall median. Moreover, the median general satisfaction at pre-intervention was 48% with mean attachment retention of around 3 N. This was interpreted as an indication that the mechanical retention of the attachment system does have a direct relationship with satisfaction. Nevertheless, even at considerably low levels of retention, patient satisfaction was still not very low, what suggests that other factors may also influence patients' perceptions with the treatment and masticatory function, such as the stability provided by a well-adapted/extended denture base. [55] [56] [57] These observations are in concert with a previously described framework that recognizes the complex and multifactorial dimension of oral health in the elderly. [58] [59] [60] [61] [62] [63] Another aspect considered relevant in this study was the report of food getting strongly compacted inside the components of the cylindrical system, preventing the overdenture to fully seat in place.
During clinical exams, clinicians found that removing these food residues from the female parts was difficult. Although this problem did not seem to impact the VAS scores, it may have contributed to the degradation of the components of this system. In addition, an intrinsic tendency of some patients to score in a consistent manner on the VAS and categorical scales throughout the study, irrespective of the treatment they were receiving, was observed. These patients rated their satisfaction low in the beginning of the study persisting with lower ratings in the subsequent phases. Therefore, initial ratings in these scales were considered predictors in the Anovaf model. However, this aspect should be interpreted with caution, as the sample size was not large enough for powerful statistical analyses on this issue.
Although the participants showed no preference for a specific type of attachment, the 1-year follow-up precludes further conclusions on the long-term preference and attachments wear. Another limitation of the study was that only one attachment setup was tested while both systems feature adjustable retention. In addition, maintenance of the dentures was kept to a minimum although relevant changes of the supporting area and occlusion might have occurred during the study. Also, changes in patients' general health and physiological and psychological aspects were not taken into account in the statistical analyses. Notwithstanding, the large variation in patients' satisfaction with the treatment and respective levels of denture retention observed along the trial indicate that there is no standard treatment regarding attachments for mandibular implant overdentures.
The attachment selection should be based on patients' individual characteristics and expectations, which are usually complex and associated with distinct psychological, social, and economic factors. Further investigations should aim at improving our understanding on patients'
psychological profile and expectations in order to address specific needs that may go unnoticed to clinicians and prevent the success of this therapeutic approach.
